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JfcKiB-ifc J: 9 ^> *«W<o#Lv45M*tt % W^m.p;!' « < i-ft ¥UJ£ >) 'i-: 

MM* l ^^)IH^o--/"-L'X-clf(.iri^n y * &|)H#?-J-&ft fctfUWr u -f c/j 
«K *£$>fctt£JIJ t W.X. S a ftWjI-tt, l o £ /c!:t 2 oc/)-tr ;u ^ L L frt'-t 

I- £ o TfJt Vir 5 2 o« I -.co-tr /uMW] $ttS ft rt 'I'^^^Ct- £ o C*Vl 3 

c/)-hV {It iSrilJ ^ 5 H ^ /J >co ;/?i;-^i> ^6:ittt.< H»J h frX-tc I \, ' ^ ^ , IWiLH" 
S^^icW^^iiffli:, C c Difiit^.tPJI^Y /-^'^r'l- IT , ;iH:.J: "J x y -f -7 x 



(19) *>/H'-8 - 5 0 6 1 9 3 

,'.',U 0 4, 106, 108, 110, 112, 114, 11 6 t'*JI t&^'M: 

iff I 0 4, 10 6, 10 8, 110, 112, 114, 11 6 X%L hHtz^ 

/uAWIAc^ * i oo ^>'c^(->l^ 9 - £ Ac v \, 

<^ 3 Ac tb , mm<r> * -r A ifigT-&£ ^ - *S'VA#Ltfe Jj'&Ml M L Ac 0 tiV 

?;••(' BR v. o Ac to "CAc f mcfAc f> Act tt, JKWJ $ tiAc 'i^to^vico 

t*-CW&t-£- %l W-'&„ £Ac, -ttil, ^;'<x? ij -^^Vij^Hcllkfl-tj-^tLAcfe!'* 
jfcx */ko4ii £ li|ftjtjIIK«rJ!B5«i-t-5^co/B] ft *i$HH Ac Wi^oi ^t i i're^ 6 U 
£Ac, i*iK{r!KW$nfc4**(-o^-c^l^-C*3Sa frMi: Ae&fU^ (c, ->x-r 
^AU£«lrt-& J: 9 ^Jh^tt^^V X *) t>, ra^>x->"-^&^ ^ -i>co*H)W 

P.-:-r<5 J/?i;-(c ,t 0 '£>R-£;H6 fcco-ctt&v^ t XhZ a 

„ &/,C&*Wc\ tdWft'f S^iSr'kirS lo(/)F-J;K^6^, -fie* coJ}]J£(c 
A? y vSrWfi^-S MUifi/c 75^*75 ^ 'If -C#> So Mfe'V.^ * vcDJIJi&M&i^ 

-C , ^Ox £ -Ac ctfft # iff A >tt 6 -/J h to H iAEco <fc«i|ffl (c -4 > Ac 0 %■ "\ I'll 

i'J)/c<UaV:(c xm-;^ & Ac ttffi&ffcKH- 6 Ac ^ AsJTWfi^co ffcttJ^WI Ac 



(20) **&f-K- n 0 H 1 <) :\ 

mrtd^ < it;f'f £ o i\ £ ti&'j>t£Wj- wmiia&mMi- z> tz v> tr > 

tt!KWJ $ ftfc x^7X ^J|j i n f,tt5 z £ k i'So * c/),aNi'i<j/cte!ii •> 
x-ris(/) -^J-Ctt, 'is^jjUUjAHiSI (f : 0. 5) oO»ft * 2 (#</) I I f££ 4» o V > x" 
& Mi J II L -C'^^.^iiJcJ* L fc„ a * c/)J|Jj£</>/-- ^frt, u > xV) )t'?Wr 

(-is 

l ) J: AiCtftiic/) Ix^X ( t £ /-- !:t x >J -y h ) k IWiiH"^ Y / — v 

^/jitt/'Jfeilfr, 2 ) )l£7 : ilfi!fft(-ts I J" S W 0 "// vx • x y U - > £ [:t {, j|l|-fc? U — W 
co ft i * *i; Itfc ; £ Ft co ,S l*| i'i<j /£ ^ [,"{ , 3 ) WW) £ rt fill co # )t ' i-'MYj IBc & 'I •: i: 6 

a'a M»H- 5 'J* -f > * I'l f£<o*£|tk * -y • x y u - > co & Wjft «J UV>z 
X ») J: AlliJco-mi'l f*riUt*Jfrt<jJ&< , z.<nfz.th, tifcMlzltW L 

-C I'l ^ ft l flL-AU>V m k ft S 0 " n fj CO (V, * ft iiJcM tt , > x -r A cO ,f I ! J- 

*j( t&m* ft \k<nww&qt\K '%&t$tiz>mftrt \mw>mw) 
iii\nwtsHtzm<\t^fr?ytii!&k l-ci-: i: 3 z > ;:./k^ 

fats & ^ on* t$[z : <\)'>x & k. jjo *6ri&?)W/)m<)£i£L*ww)tz 

kftXZZ), -y/fyx • I 2 0^lW|K|6|:d<$tl, > ^ h tStltz'<—i? u 

> i 2 2rt-L->+i-4-i (■\\\)<M\m<nm4'j><n i /f(f/i-:;y-(/rJiir.V)i:'lf.!liij^/i^"-f-{i/it 



(21) Vf£Y-X-5 0 6 19 3 

f i±fcomt5fci$))\\i'Z>t)\ am<r>-t>v-M f-tt&'p'-rzo wn^^w 

, 2o(/)tyf^ r-fvt [Ktll] «o ^7 — y 1 2 0, l 2 2 (nm^)onW^%W)l^4k 
ityft -7' p -fc x -e*3 19 , -tr ^1M»}coi»fc: J; 5 J; "9 i> m * tf>& ts eoffl J 3 £1 

fcf -?>mtsk^: <n {it m. &!/Ul\1'Z. tlcfc>& 0 ^ J < > i " ti ^ f+ eo « c/> 

RFtKIM L TOSH'S - «h ^fcS^toMfflsftjfc t°-^ #5 SriQJW-f- 5 J: *) f>> 1*. 

^ s „ iii *> ftti 'H ft ^ rv ~e , -/j / <— u - -y ct ft ^ t it-iciftiftftj ft 3 <t % x. s ~ 



U — v ? tt»r(9?"Ctt^Cl^ /A'W<j/£(^£;!J-&|}Hl I c/>R2£ •'J ( s h a d o w i n g 

) ; z *l l x #> 6 ? )•: ,u; £ ft t ? to ft h ft i \, , ftuj >/ /j > c> \i?o t v\ B u>*nftw tfi 
1 1 m ! z. ],L x. 6 t * * 3 a & M 1 1 •: a , itujo #j <o sr$ l (/ ) 4 ) </ ) *c 6 u IHll i<\ ) ik : 
-CV) jfccoAfliHS: Hm^M Z Z> z (nQUSUIL, v > XV) 3 Ik jlVH'^z X o "C L (1* L 

ii'i.Ciiu l oc/)/!' 1 5 4&M1£1'Z<ti&t$htz^>X&&n<LX\<^o . 
N9l:^$ti6.J; 9^ tel&v— h I 6 0 SriKUfHr^iJ- I 5 8 c^iiY iiuJiift < - 

J: 0 b'BB-ky*)' ' TUJ • -7- -y"7 I 5 8 cA)£-|Al (-"0"^ — 'r 4 > ?V> .£ 9 
M 9 ! I ^ £ ft 5 J: *) i > 6 /J > I i v. /c ft I \, 

|«l I 0 rt, << ^—>'<oIA^|,^»fc > (~ J; 9 , " e^fX'tt, J; U-i M.M'al 
MU^«iliKiSrHfJiE^fr|?cI(-*Ji YZ> 1 1>>1 ZWlB^^ • ~r ^ << 1)^>on\m\z'f<\ u 

J * — ^ifiiri* i 6 4(ifv:ifH-6 0 l*h<$ft/c 3 Uc^</)|'J#:r**j 

, li : ot»yt • TW 1 5 8c/n^O/j^^1r^^^yj(^(/)AV;/J>^)t^ / i-J|k 

ft < # r> x -5>yii it-M-t ■ 5 A'f^^u ^twi ^ -c#> & # , -tfwjtftktt ii-: l i \, 

<M ,'!>'> t « ( £ ( t tz -f * — o^Wtitt. *i; rdc L tz 4 * — i> Bik -> x a </) ,^ ,1 1- ! z f> 1 » 
•CiR'JSj-CifrjSIWJifti^liH-iSr^-t-So 1*1 I I Mtii^-C, JtjKi 1 6 6tt, mY^>^- 1 

^ ^ l')#:^-t' fJ if -y y T 77 tSH, ,Ki <9 UU*j I'-^f.i '/> 

£ 7 k C 6„ z -tr 9 ,ix,!l 6 ■< ^ - vifii^^ 9 .t 9 

/c;il^VTi;UMiV.V/.^-6iiii>-e$x., m^i.^j-^fii^v xtai, \.hx>b 
ts ft ifiiia^ft^'MU^^z t a* -ed s 0 

!rt ft ^ ( |A| ,'f|5 Jx W /j 5 ^ ^ t Ltn ,1/ ■> x -y- a { j: J j i f & t fW /-- 1 ,".| SSj \& 'I •: C ) 



(23) **£f-H - 5 0 6 1 9 3 

8 ,.L -) t m ') cO{^^>{rffc< « Z t ZcDfcifr, W 1 1 i M C»' 

ft i\, 'J<l^(-iTt, S-t6^/j:$tL<£t-m(^c^^^o -flfJAd^HW kco$></) 

lirt. l^x*tt»ij$iC*tLT5l{M-< £.MCT, f^7>^ 

co.-r. . y ^fJ-iiT^^i^ L ftStt-^&'k D 6 «fc ? KMWJ&teltfeaW^ tjtLS 0 

- <t ■w^'ifi'M t t/u -i' y x^c/^-^ft t (r>\i\\<nm iMt ®\& t f£ z>zt 
w; \w km- & im<n&-&&£ i> & tz , itucssftw^^ :v-t->>- • df-v u -\- 

T'Cttt < ~> * -r j*tnT9 -r -f -77fl^> i:LT*7 r ^ (• 1 8 0 4- it] i^:^ 

1*1 l 3 *j J: t>'l*l 1 4 [z,,<tStiZ> J: 9 jfcv 7* -Y /<&U0^fid|i*H-S .z ^ 
J: o -C % ft 7 r ^ eo-2 # I '] ^.T <n t,V & ^ ts i > T ffi /J > ( ' 5% ft S ft J£ »Ufl ft "C 

u , - <»fitPt& i-yxt MM'&o^ -> x ->"- a > ^ j; >*M i:<t')l:, L/j>U> 
X 1 Zkti:< >»t5o ~ or/ctf), r >f ^ • v r ^rt, 1*1 5 lz, } < 

l*l I 4 co fld i« tt , m l 9 0 ^ Hi ^ r A -7 W < < - 7 I •: C S & life co i f I- ff ^ 



-V?o zttfH* Li^zk &,l'iH~ -6 %<\X h z ti&H) ilrtt" & z i: ^~C£ &„ , fcv 

1*1 1 5(1, It* It ~7 r4'*\z. *-f L T h'l^ IX- 5 tfj u ^ x' £ & |tfc >> - h & ftt J | J L 
-C, '»7!>n*l 5 cr> y** r > -7 1:1*31 J-MftiT ft Jfc coif- V >?'t»«^>iii^i!i< 

-c ' -r m§ ~c ^ & £ v) b , # j& ) n; j - i-.j- l -c ui { i ^ < co my ft &• & - 5 , 
iii A of I: * ?.} a Ac tf> ( n rt , ^ 5£"J J <o - <n •> x 7- a rt 7 -y ¥ ^ > tr> f|A| * t/ > fifc 

JJ- 4- > x -y- a • =a > h c 1 — v rt *t L "C iS- P, -tf <3 x 7 Y v x en 5\- jb x ^ y --/- & t j- 
-5 * <t rt.toT i£MH-& " i:^5„ v***-/^ l-.(/)Jft£:tfem L > 'tirt.-t 

ttiliTOW»-:-t-£>#, z^«rt- 0 LAc^iV v iV)fr^jti;^;tiiji5M'r<5o jtmH&s 
tiro ; ^i«:c/)i^rv, ftiitojfcsifeMi^'iL 4 k $*i3„ a * !rt. fatten A/ &fT- ~; -r y x 

7H' eo/h$fc&<ft&|ftflW-S ~ k £ft-fo)jUi&)\tt"Z), -ft * rt, /h3ttai<!RJj& 

.n w-r 5 rt'ti t l xm < ftMiifii-e«fti x # y a kiq $*uei ^ag-c, r-j 3 . 1 

8 mm ( I / 8 <( ) Xm &tl, fcSSWJttC H Tf Y X~/ U -f t/)f&f*;'f|W) K 

^(^Wi^^tLAcn:viix^-*/j^j^6^tt^Ms^v6 7 ^life^jyi^fiiJii l-c^Ai., 
;ji 1 x 0 * l x> o - c/ ■) ^ re ( r ,t in $ t l 5 ,r?i ,w ^ ii( m <n t-rm iz&itz> &m & -> 

h ^5 , v- -Y x -7" Lx ^ *?tgftfc $ tL'A: - k & -/7 7 =/ ^,7.; ^ £ fz-r j x v" U -f • 

x 7 u - >^tt$Hoo*)5; > 4-^,'i'rr<o/c^rt\ - ti K J rti'i(/)tii!ft!i!t.'^-e 

Oi-iiliiiyj^^ "f'4 c ^-r>-y-^^fe^iil $ -tt Z> Z> 1 < /u cA) < > '/ 7 

7> x^.i^sfflj^^LT'^fb^-tL-^tL^ I. VI)T<nftiid ^iftS:Jlll^TW?MH^ ~ i' 

/^•e^ <5, mMs^v e 7 ^ x 7 u ->omm&ifci\\'t'Z> rz^omxmiw'M^ x-v-a 



(25) **/i"f-H - 5 0 6 I <J 3 

i) \?m ts tin ?ozt tmm ts ti «t ? „ 

* * fj to $£ i id !Ki W ( t -5 :: £ a* *? s \z. $-3 v ccntyf o 

.b'^&'k C To - £ ^#5 5„ L K OKtHH^S CCD 0 y ;U t l»1J« L T^>/ 

coM"*i: L-C'kUSCCDcoafc^SrffjAi: LTfliJH $*L&„ 

^ p yntl^l^rtD 7/-;^ '/^^ • zi-y*— it (ADC) &JIH*& 

s Instruments COTS L214C06 4 flfl</>-tr >"tf-«Oft * "Cii^ £ *l 

\ / 25)*j-\i \ / \ oow »l to &H<I to ft ISJ "C IJN $ ft s Z en \\\\ Mtt* 1 ■: i: 

■MttHttllJ iz X o -CfAiiT £ft3 0 

mz fcf — y |!«JMe60tgii?{r fcl WWMo n -far x &3;i]|Sj J H-& &J£«D x -7' U T x . b 

rt . -m & <n n ^ < >& 9g & i \, 

- > 11 ^ o -cfr*?tL6 0 * <o#fi|fett, 6 1 0 <nmwto<r>Vi n A« 64^ 



(26) 8-506 1 !1 li 

' 1 1 ") a'a /j » k V? tf> T I'M' // eo ;y I • -I ! ^ m tt t, e-? um ( jfi J & 

l^iiu'i:^— 1> h (ttWjKtt, 6 o %;!/-*->: 8 o) .to kcosb i <oAUfttg«rU.jiH- 

I) l.fv.^fn^rth <Mf-tt*tl3 0 Zcottn-fcx/r., j-; tt 6 if f xft'iV) t c — ? ft'jJl'Jc^ 

ffltft l -c , l-:tt 6 # r > xfiiv/j. j.-e/ci > tf- ? t fr-wiree ^ KfttfriJWc&ifilt f & fri 

AWN'S,, 

mfctSftltWmz&it — is tt, itt LT, MJ$tt:k(rs}fi £ 

ttfrttx^ Y r / x/jtttt.VIlltt LT'k C6#tt x^HtrC^ 0 , -t^R^trt ^ * 

(tt (flbcD^-fii^ttiill-c-^S^) # r >* • -/{-*H-6»iJMt{-*J^<5v-- *o-> 

#> 0 , tt\ y , x tt 1 J'jM 6 4 {Cirr^Ko'f ^ << \H'&W){if.xtt.-?1h *) , o 

' tt#l»rC#>&«, Zc/)^tt, h',rdtt'AW-6Z ir^T'd^o U|l*>, 

I n y = A»+Ai x+A: x s {H. L, Ai,= [In A a — u 2 a ] , 
A i — // tt (j , *o\tt>*A, = - 1 / 2 a X'foZ>„ Z(/)tiV\ AWk'fc tS tt <5 <t . 
u=-Ai/2A: -C*>So 1 n y ttWtt&Jf^Itt, -&</>iii'h 2 ifefii&iiSJIH- 
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fli.U n — h — I + I tt, t'— ^SfiJtlft(^*'J-LTiJ|Alr$nA:.':A«/')3&, w. tt;i" M itt 
iSt'4? $ tfAcAll ir(f£$CC#> ^JU'R^y i tt*tttt& ,Ltttttt 7 -A X K.<^»l&'h2 



(27) 0 6 1 9 3 

iJll fti&tiktt s ii r > x ^Hi7i?-fe «TW { ' o r J^iH" 5 BJp , u <r> ffl h frteWt 

iZ.t^XU^tl?o 0 yo^'ji^ (4*ffaO#A*) «03Hift'tf*)«5, p=max (c, 
n - c - 1 ) fr^iTt\ i ^oy^f£))\\$Mmit 
w,= ( l c - l | - p ) \ *s«fctfBi|eofl*&tt 

w ; = I , ( | c - i | + 1 ) ff)fr*ttq = I , 2^\tt>'3-CijJc^J^(-f'li 

$ixfc«[^ ^fc«iiiifift(TtiiiH(^^rt^^^>i^-5 0 ^tU7t 1 flp:ii.VI/ij^fiiiW 

-r^c/VC, y,(7t -^(C l-.^tCjoltS 1 n y , «9 !lf£JtJ £ix& 0 Jfc 

{.lidi^yt t>oo t f«fc/Hlff<^gc£ftJi^Sli.V, pffi&«oig#'h 2 X/^jft 
y (^(Ttf&fr-ttlP, W^XnmXtm Lixfc-C'^ 6 d £ ;jt=l]£ c , n < 6 4 TfcS 

hfr&'&XJh&o 

•J5j <t tfo„ Jt(ijd$'<fe J; 9 e^<o*>>fctt^*fc«ottAiff y Witt "CI-: C fti Yii 

»fi 3 « - <o>yfi;-tt, 7K co^ 19 fj-jyf-c & £ ju co$c*iJ£#j -ft J= & ir^S 
'(A)^;-^ o'=- l/2A : , fthZMZv ir^fM.y^tt/cl \, „ 

* * =/ • > x ->-- a /j^j ft"? ifc £ l -t U 5 *£ ftScfkt- <& <7 : ~J- 6 crc H X ft ft< % ) -:!&V) 



(28) 5 0 « 1 

a co fn'i: & fti jrh T ft 6 n.*f , - 60 4>w ct i'i co m ot£ftfe * & c/ > -e irt ft i * £ L 

f.V y-Sr'A' t-.t^B'^J t XfaX Z>z.h i)-X Z 
Mivftco -/j ^ v Jo J; t5 >- x'coi.g-ft\ ± y-V- - r \s 4 fo<r>i<rM& Mi H" // ^tftrt 

ft = ft i> + A « * /•( / 6 4 

co-fcr/udj; >9 Ht>iStiZ1tii&U9f-ejhZ> 0 ft„£>J;tFA n cO|.i.] ifftt, ftlt£Wc{-ti 
iJ-SWfil-ljr J; Oi*:*Air$tL5o Mtt(^ 2 ffrllcO^ t< v!^*J L-C(:t, /-J = /■}.. + A 
• u / 6 4, |]rtI(/)*^7 (OfliSf \L *j I j- 6 #jf*GD ft /& £ & * >'J\, 

»K 2 ft <T) -Jj / 7 <n m f',1 1 1 • co ifl iHi a? I . ft i-j ii: , 

x = I . • tana/ (tanrt+tan/i) C K 
y = x • t a n 0 

tni] / =s&m\\1-Z>Z trivM&fjtf, zco# ^ vttHiJcoMW.iiJ'K .1 tri*-?* 
. ^tOJWfi\ ->--*— ^ttWtt'iU-jrrfcft* ^ v > *J!^ L "C, |-JyPilHS(A) 2 f,v>|A|«/) 
■ )j & I ,iU c/) 0 ! Z m (1 : $ -It Ali^R $ -tt , 

kU&tf] iJ * 7-/y<n>M^ k|«cO 2 fftOl/ll-Cfitillj iSfiZtt x isX&y A* \: 

K/:i. v {^|^j l r ft «£ a* ^ tt^ffK-^ < , U' > x'i^ii^- <s -Nit ii; ^ f >/c i fit cf/c ^ 



(29) ftrkf-H - 5 0 6 1 9 3 

>|«/6* y =7^A-:lWft|i<^)* > ^A^jcoHiiltc = i./2 -c % A^oPBilfiSto* 7- =/\l\)oy^ 

Sn^/jlijll x=C + (y + y) tan (y-9 0° ) t ft v ) , Il-Cytt'l' 

3 0^ *ft»iaS4 2^^"/U^ 3 0 CO kM't'^id 

v- Y x -7 W 3 0 izm L -CgEftKORIIt^rtiiW 5 tt* co-C, x^'J-730 t-IJ&H' 

* #J ffc 5 0 /J^-J- -Y x -7 U 3 0 fj- iff (f-fX'/U-f 3 0/j> 2 5. 4 m m ( I 
) 4 0, 4 2^ ( fco-CM^t^ tn'CM^ ->-- * • 

T -j- v 5 2 ( n > t r ' -x — # ) ^X^iJ-7 3 0 |-.{d* — V /U 5 1 & 6 

£ 7 id-7 n ^7i»S*iS 0 *-v/v5 i ri*#>r ^^^9^5 o<o l-Jy^cfjW^/rJy 
»k t iKtffsC: *J 5 fftifttr £ c <n # — y /u 5 0 id |jg l -CfV(/j » 



(30) '•W<t : H - ii 0 (i 1 SI :i 

- <b i:<£So *— v I •. J; XMHWcM Jj^'&h'f. t$"£Z> z t d J: *) , x ? y 
*t L T fWi" 6 (lit ft X" t£ ^ ) „ d (/) A: tf> , *-V;k5 lM^> V 

5 o Julia l xm^'m<r:ts-&z>z tcto, x * y — >^wtL fjti &n.'re t> 

H Z>Zb fcX$ , ~ c/) ~ ^ fiifi^<offitflg&iSi#!-*-S fc*> * -y • x ^ y -> i^; 
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(57) Abstract 



Systems and methods for optically determining 
the direction of an object, such as a pointer (50), 
relative to an imaging system, particularly systems 
where trianguJation is empolyed to determine the 
location of a pointer (50) within a generally planar 
viewing field, such as a touch screen (30). Rather 
man employing focused imaging systems to produce 
a sharp image at the plane of a pbotodetector, and 
to thus define the visual pen for finger position, a 
deliberately diffuse or blurred image is employed. 
The diffusion produces a characteristic "bell- shaped " 
or Gaussian intensity distribution (104-116). By 
recognizing the characteristic intensity distribution, 
the position of the maximum intensity, and thus 
the direction of the object (50), can be determined 
to a small fraction of the distance between sample 
points, with an accordingly much higher resolution 
than focused systems. In a preferred embodiment, 
the position location system is incorporated into a 
computer system (52, 54, 30) as a touch screen 
apparatus and a cursor (5 1 ) is displayed on the screen 
as soon as a pointer (50) is detected above the screen 
(30). 
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